This time corresponds to the end of the temperature-sensitive period.
It has been documented that sex in fish is controlled ge netically. However, many fish do not have a clear chro mosomal sex determining system,1) and therefore, genetic sex and phenotypic sex should be considered as separate en tities. Studies over the past decade have shown that exter nal factors, such as temperature and pH, influence sexual determination in some fish. Thus, temperature-dependent sex determination has been demonstrated in Menidia menidia,2) Oreochromis niloticus3) and Odontesthes bonariensis,4) while pH-dependent sex determination has been demonstrated in Xiphophorus spp.5) and Apistogram ma spp.6) The hirame flounder Paralichthys olivaceus7) in particular, has been well-studied in terms of genetic sex de termination and manipulation of physiological sex by con trolling temperature. It has been demonstrated in this spe cies, in which the male is the heterogametic sex (XX female-XY male), that genetic females reverse their sex to male if the water temperature is manipulated. Not only high but also low temperatures produced male-biased sex ratios, while intermediate temperatures yielded a 1: 1 sex ra tio.
Thermolability of sex determination in another flatfish species, the barfin flounder Verasper moseri, a teleost that belongs to the Pleuronectidae family and inhabits cold sea water basins, has not been addressed. It is a commercially important species in Hokkaido and requires establishment of breeding techniques for aquaculture, like the hirame flounder. As in many other teleosts,8-10) gonadal sex in the barfin flounder can be manipulated by treatment with ex ogenous steroids during the period of gonadal sex differen tiation. l'1 However, it became evident that the population frequently had a biased sex ratio under artificial breeding conditions. A supply of seedlings with stable sex ratio for stock enhancement has not yet been realized for this spe cies. As in the hirame flounder, the biased sex ratio in barfin flounder could be caused by temperature influencing sex determination. To test this hypothesis, we evaluated sex ratios following manipulation of the temperature dur ing the larval and juvenile stage. Manipulations were done periodically in order to identify temperature sensitive periods and to relate these periods to gonadal morpholo gy.
Materials and Methods

Animals
Fertilized eggs of barfin flounder were acquired from a few captive-bred males and females held together in a 1 m3 tank at the Hokkaido Institute of Mariculture, Shikabe, Japan. After egg incubation and hatching at 8•Ž, tempera tures were gradually increased up to 14•Ž in 34 days. Animals were reared in flow-through seawater, larvae being fed Brachionus and Artemia nauplii, while juveniles were fed artificial diets.
Experimental Design
The experimental water temperatures were set at 14•Ž and 18•Ž. On Day 34 after fertilization, six groups of 145 175 fry from the same stock were placed in separate tanks and fed for different rearing periods at low temperature as follows ( Fig. 1) : in the first group, temperature was grad ually increased up to 18•Ž by Day 62 (A). The second group was reared at 14•Ž from Day 34-Day 62, whereafter the temperature was shifted to 18•Ž over 3 days (B) . Simi larly, remaining groups were maintained at 14•Ž until Day 79 (C), Day 95 (D), Day 106 (E), and Day 120 (F), prior to increasing the temperature to 18•Ž as described for B. At the end of all temperature manipulations, the groups were 
Statistic Analysis
The significance of the deviations in sex ratios and sur vival ratios from the theoretical 1:1 (female : male) ratio were analysed by x2-test. The data of total length at 161 days were examined in each group by one-way ANOVA multiple comparisons. P-values < 0.05 are regarded as sig nificant.
Results
Sex Ratio in Each Experimental Group
The sex ratio inclined towards zero, i.e., the male sex greatly predominated when fish were reared at high temper ature (18•Ž) ( Table. 1). Thus, the sex of fish in Group A, which were gradually acclimated to 18•Ž when 10 mm in TL, was exclusively male, whereas a group of fish shifted from 14•Ž to 18•Ž at a mean TL of 20 mm (B) yielded 83.5% males. The proportion of males decreased if temper ature changes were delayed until fish had reached 30 mm (C; 61.5%) or 40 mm (D; 56.1%). Similarly, groups of fish shifted from 14•Ž to 18•Ž at a later stage, at TL of 50 mm (E) or 60 mm (F) produced 48.0 and 49.0% males, respec tively. Sex ratios in Groups A, B and C were significantly different from the theoretical 1:1.
Survival and Growth Rates
Growth rates, but not survival rates, were positively affected by temperatures (Fig. 2) . Accordingly, growth in the high temperature treatment (A) was greater than that in the other groups during the experiment. Interestingly, though, after the water temperature was increased from 14•Ž to 18•Ž, fish showed a higher, compesatory growth rate than the 18•Ž treatment group. The statistically sig nificant differences between groups at the time of the final sampling on Day 161 are represented in Fig. 2 .
Histological Observations
In the present study, observations are presented from the starting point of sex differentiation when changes become noticeable morphologically. There was a correla tion between gonadal morphology and total length (TL) in this fish, so that observations depended on TL rather than days after fertilization.
At 35-56 mm in TL, the dorsal and ventral edges of these gonads began to extend laterally and eventually fused to form the ovarian cavities along the lateral sides of Table 1 . Numbers of males and females of barfin flounder when maintained at different rearing temperatures #Fish in Group A were transferred to high temperature (18•Ž) over 10 days, those in other groups over 2 or 3 days. *Percentage of females followed by an asterisk deffer significantly from the theoretical 1:1 sex ratio (P<0.05). the gonads. Clusters of oogonia in mitosis were first ob served in ovaries of 56 mm TL females (Fig. 3A, B ). In the other type of gonad, the germ cells remained quiescent and in low numbers until the fish were more than 54 mm in TL (Fig. 3C ).
Discussion
The results of the present study demonstrate that the sex inclines towards male if barfin flounder is reared at high temperatures (18•Ž). Gradually increasing the tempera ture of the 10 mm TL groups to 18•Ž yielded 100% males while extended exposure to low temperatures produced sex ratios near 1:1. The gradual increase in the proportion of females with increase of exposure days at 14•Ž might be ex plained by the observed differences in individual growth rates of fish and/or genetic sensitivity period to tempera ture. Thus, genetic females easily reverse their sex to male, while genetic males appear little affected by temperature in dicating that the genetic male of the barfin flounder is a very stable sex.
In hirame flounder Paralichthys olivaceus the male of which is heterogametic (XX female-XY male), the sex ra tios in gynogenetic diploids and their progeny were previ ously examined after temperature manipulations.7) When the fish were held under high (25-27.5•Ž) or low (15•Ž) temperature conditions during larval development, sex reversal of genetic females to phenotypic males was fre quently induced. However, intermediate temperatures (20•Ž) were hardly effective in inducing sex reversal to phenotypic males. Moreover, reversal from genetic males into phenotypic females could not be demonstrated. In contrast, although the channel catfish Ictalurus puncta tus13) and the sockeye salmon Oncorhynchus nerka14) have an XX female-XY male sex determination system, genetic males of these species could be feminized by increasing the water temperature. However, there is no report on low temperature effects on the sex ratio in these species. Other fishes, such as some atherinids, e.g., the Atlantic silver side Menidia menidia15) and the pejerry Odontesthes an cavity from the dorsal and ventral edge of the gonad which expanded laterally. The other type of gonad, which was a presumptive testis, was not clearly differentiated un til 54.3 mm TL. Our analyses indicated that sex differentia tion takes place at a younger stage in female than in male, corroborating earlier findings obtained from another flounder species.17,18) Sex ratios among temperature treat ment groups showed that fish below 30-40 mm in TL were most sensitive to temperature manipulation. The onset of the temperature-sensitive period was not assessed in this study, but fish in Group A, which were exposed to gradual ly increasing water temperature when 10.1 mm in TL (32 days after fertilization), yielded 100% male, while those in Group B, subjected to increasing temperatures at a TL of 20.6 mm (61 days after fertilization), produced 16.5% fe male. This implies that the starting point of the tempera ture-insensitive period falls between 10.1 and 20.6 mm TL. The end of the temperature-sensitive period agrees well with the starting time of gonadal sex differentiation which was first evidenced at TL of 35 mm by histological tech niques. Indeed, phenotypic sex is first determined by both temperature and some genetic factors before gonadal differentiation is recognizable morphologically. This infor mation suggests that temperature influences the outcome of primary sex differentiation rather than causing a sec ondary reversal of gonadal sex. Similar findings have been reported for othhfish having temperature-dependent sex determination.2) Growth is one of the most important factors for cultivat ed fish. High temperatures (18•Ž) promote the speed with which metabolic processes occur. In this study, too, higher growth rates were recorded for the groups switched to 18•Ž compared to those kept at 14•Ž. When all groups were reared simultaneously at 18•Ž, the mean total length of Groups B, C, D and E caught up with that of Group A. Sex ratios of Groups E and F were 1:1, despite the lower growth rates in Group F compared to Group E. The results of growth rates and sex ratio indicate that the best rearing condition for aquaculture is to maintain the fry at 14•Ž until reaching at least 49.3 mm TL (106 days after fer tilization).
In this paper, we have described an effect of high temper atures on sex determination in barfin flounder. These effects are induced especially if fry are subjected to in creased temperature regimes before reaching 20 mm in TL. Low temperature effects, as well as the genetic sex de termination system, remain unclear. Moreover there is a general lack of information on sex determining effects of pH. Since several environmental factors may play a role, as has been seen for instance in Apistogramma spp.,6) a multi-factorial control system could be at work in the barfin flounder. It is obvious that, in order to set up suita ble culture conditions in this species, many questions per taining to genetic sex determinants and the role of other en vironmental factors need to be addressed in future reseach .
